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THE EDITOR

THE CHANGING ROLE OF BIOLOGY IN THE 70’'s

Hope Ritter, Jr.
Department of Zoology
University of Georgia
Athens, Georgia

The time is late for beginning a restructuring of upper level
courses and programs in all areas of liberal arts education
that should have been accomplished in the Sixties and earlicr.
Those individuals who nwst guide our species through the
close of this century and into the equally critical years of
the next have the major portion of their education ahead
of them. By acting immediately in responding to last minute
challenge, individuals directing centers of advanced learning
can yet achieve far-reaching benefits from sound, though
what may be somewhat extreme, undergraduate and gradu-
ate level curriculum reform.

The words curriculum reform have a familiar ring. They
call to mind long, often traumatic staff sessions that have
occurred periodically during the careers of academicians;
always at the expense of other duties. Change of minor
significance has come about by this means, but ever so slowly
in our tradition-bound educational sphere of the liberal arts
zollege in which countless factors inhibit and in which re-
cycled policies appear ta pre-empt innovation. Fortunately
we continue in the attempt to educate within an operational

framework which claims such objectives as “breadth of knowl-

Based on an address given at the Louisiana Conference on Biological

1

edge” and “critical thinking” most worthy and necessary.

It is the opinion of some, however, that o third goa' should
be added to these objectives in those undergraduate pro-
grams intending to afford students more than an educational
luxury called “culture.” They recommend « specialized train-
ing segment of instruction that could provide o technical-
administrative “know-how,” which would combine individual
apttude and interest with a society need; to provide a
“package deal,” as it were, ready for almost instant imple-
mentation following full accreditation of the individual. ft
would be the educator’s responsibility to recognize and
anticipate needed areas of society and to provide flexible
programs in all dimensions to fit these needs. Such program-
ming might indeed be accomplished realistically without sacri-
ficing the benefits of a liberal arts education for all-out
vocationalism.

That which for so long has been a fashionable and work-
able philosophy underlying the liberal arts educational sys-
tem, it might be argued, should not be altered in such an
"unscholarly” manner. Resistance from within the system
continues in the form of such phrases as “we cannot afford
to cheapen the degree, . . . to lower standards, . . . to
educate the masses.” If this stand were tenable at any time,
perhaps it can no longer be so regarded.

While we all know that “chance favors the prepared mind,”
we also know that there always have been those graduates
who never quite find a suitable slot in which to apply their
“breadth of understanding” profitably to themselves and to

IN THE BIOLOGICAL'SCIENCEH



society. A trend allowing relaxotion of residency rules for
off-compus job experience, alreody in effect ot some colleges
and universities, may assist students ‘with curriculum planning
and more meaningful job idenfification. If such innovation
can be managed by admissions and records offices, perhaps
courses—even curricula—could ke conceived ot the depart-
ment level in which content might be integrated with job
experience. Cooperation to this extent between ccllege and
"outside” agency has fong been sought unilaterally. Apart
from student benefit, the odvantage gained by the hiring
orgunizotion might well be reflected back to the college in
the form of program support.

Thinking along related lines, it becomes fairly obvious that
the ever-present low marketable potential of the liberal arts
degree holder will decline even further in direct proportion
to the overall increase in “unskilled” degree wwardees. Rising
college enrollments are being absorbed by expanding siate
university systems and by an increasing number of privatz
colleges as these proliferate. Fluctuations in this pattern are
to be expected correspondingly with economic fluctuations;
however, | think that a long term rise is predictable. To
what extent the women'’s liberafion movement witl ccmpound
the problem is not predictable. In any event, there is an
ever increasing resource of tremendous work placement poten-
tial going unfulfilled for want of what might be occomplished
through moderate modification, namely, toward the culiiva-
tion of technical-administrative know-how, in higher educa-
tion.

There is yet another area wherein we find institutions of
higher learning nonadaptable. The apparently low market-
able potential of the Ph.D. degree holder, ot the present time
at least, should be reason encugh for reassessment of all
matters pertaining to graduate instruction in liberal arts
programs. It is my opinion that not ali students of merit
nead pursue the customary graduate program route toward
an advanced degree. Most certainly other outlets for spe-
cialization are known or could be developed, here again,
as at the undergraduate level, integrating course content
ond research activity with the needs of “outside” agencies.
Of course such programming would have to be superimposed
on troditional or “equivalent” requirements if an advanced
degree is sought. Otherwise detailed transcript data might
suffice as certification in liev of a degree.

Biological sciences personnel in particular cannot afford
to ignore the need of applying thorough and open-minded
self-study ot all higher education levels. Corrective measures
adapted 1o the times and to specific needs must be selected
and implemented with wisdom, but boldly, in all formal
courses of instruction which relate in any way to man and
his environment, ot all undergraduate and graduate levels,
at all degree-granting insfitutions, and at all cost. However,
instructional objectives and instructional methodology both
require reassessment toward this end. The urgency for such
action must be recognized and responsibility accepted by
every teacher, administrator, and funding organization in-
volved.

Consider first how we foil to provide encouragement and
sns::linlized preparation for students concentrating in the
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naturol ond physical sciences who might fill critically needed
positions in the areas of technical ossistance to professionol
programs. Such educated and trained personnel deployed
to support medical and dental programs and to support re-
search teums engoaged in both applied and non-opplied re-
search, could perform an infinite number und variety of
responsible services.

Consider the rationale behind this recommendation for
increased specialization in undergroduate course design and
educational programming without sacrificing that breadth
offorded the student by complementary liberal aris -tudies.
Remember that not every student concentrating in the bio-
logical sciences requires routing through courses designed
for the ultimate Ph.D., M.D., and D.D.S. degree candidote.
Many students by inclination ond according to aptitude who
now qualify for the B.S. degree as their sole educational
objective find themselves ill-prepared in applying this pre-
professional substance elsewhere thon toword graduate
study. Be reminded also that the Ph.D. himself has an ex-
tremely limited number and variety of positions open to him
ot the present time. Thot this “tight job” situation will change
in the near future seems unlikely in that funding agencies
have withdrawn their support heavily from Ph.D. progroms,
both in education and research, favoring the support of
innovative courses and instructional programs as these are
conceived. This is especially the case in newly-sponsored
training progroms related to health care and teacher edu-
cation.

The point of all this is that consideration should be given
to the advisability of tailoring a sufficient number of courses
in the biological sciences to fit societal needs and the variety
of student goals; ceriainly incorporating into these courses
the type of instruction that will afford substantiol guidelines
to the student {or the development of value judgments based
on the concept of survival. In this context, it should be
mentioned that the removal of administrative barriers to
the development of interdisciplinary courses for senior year
presentation, where these occur, must somehow be achieved.

Regarding the matter of selecting those methods most
appropriate to the task of presenting an instructional pack-
age of quality designed for preporing the groduate for a
more effective role in society, it should be obvious that both
“old” and “new” techniques warront evaluation. CUEBS
has reported on these techniques at length. All of them have
merit if applied o convey information effectively at a rate
capable of accommodating and challenging a reasonable
spectrum of student aptitudes. Any course, however, might
best include group instruction combined with those methods
which involve the student individually in o learning experi-
ence which he can program at will.

It is also my opinion that selection of the person to teach
the subject mafter and to direct learning is the most im-
portant consideration to be made in the process of course
restructuring. Whether or not the course achieves the neces-
sary appeal will depend substantially on the personal and
academic qualifications of the individual chosen as well as
on those methods selected to fit the cbjectives of the course
precisely.
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Maximum student enlightenment and enthusiasm stem from
direct contact with a knowiedgeable, capable, and enthu-
siostic human being, the teacher. Without him the lecture
portion, the teaching module, the A-T approach, programmed
instruction, or whatever the method applied, will meet with
minimal success. Innovative techniques simply cannot func-
tien alone to impart “knowledge with wisdom.”

Many of the opinions and predictions presented above
censtitute radicalism according to the most fundamental
meaning of that word; . . . going to the source or the root
of .. .” a question. [n this instance | wish to call attention
to an extremely complex and urgent matter from a stance
within our relatively stafic system. Sacred procedures have
been che'inged and extreme alternafives are proposed
because, on the one hend, | am greatly alarmed (along with

others) over our species dilemma. Among other corrective
measures a radical change in educational policies and
niethods can pull us through.

Obvious “pressure” outside our system apparently will
allow us little choice in this decision. The Secretary of Health,
Education and Welfare has identified curriculum reform as
o major task ahead. Representatives of the Office of Edu-
cation, NSF, and NiH, each in their own way, have clearly
indicated that reform is intended and will be achieved,
preferably with the cooperation of our colleges and uni-
versities. To be convinced that this is a very real trend one
need only observe which programs at any level are being
funded. | propose that change be initiated tc the extent
possible from within the svstem, by our hand.

A STUDENT DIRECTED COURSE ON BIOLOGICAL
PROBLEMS IN CONTEMPORARY SOCIETY

Joan G. Creager
CUEBS Staff Biologist

natural beauty vs. polluted waste

is there a natural beauty

found

in such a city, complex

and mad with polluted waste

stopping in the gutters of concrete

climbing the wall of evolving trash—

waste washing past mine eyes,

in collected aggravation

with *he netural waters,

waters cleansing a child of his miseries;

waters crashing,

and tumbling to locking and intertwining breaks of waves;
waters dropping joyously on nature's friends,

the trees of life.

the contrast of this sort—

wastes our land—bleaches the natural color collage,
and strips our minds of beauty

flowing freely amidst the universal land.

Ayn Frances Stratiner was inspired to write that poem as
a part of her activities in the course entitled Biological Prok-
lems in Contemporary Society. The course is a one-quarter,
three credit-hour course offered at the freshman level at
Northern Virginia Community College. Many of the students
have had a year of natural or social science. However, the
course has also been offered at a local high school where
students have the option of taking the course for either high
school or college credit. A reading list replaces the tradi-
tional textbook.

Very early in the initial plarning of this course, it became
apparent that, even if one were motivated to do so, it would
be impossible to include all of the sacially relevant content
of biology in a one.quarter ccur:a. instend, | decided to
experiment with a student-directed course. My rationale for

This poper was presented ot the Nadional Sci Teachers A
tion Annual Meeting, March 1971. The author is a part-time CUEBS Staff
Biologist and olso a faculty member of the Eastern Campus of Northern
Virginia Community College, Bailey’s Crossroads, Va. 22041,

a student-directed course is threefold. First, much of the
content of a course is obsolete by the end of the course.
This is especially true of a course focused on contemporary
problems. However, content, as factual information, becomes
a necessary part of any problem a student chooses to tackle.
Second, the future use of a course such as this one depends
primarily on students developing their abilities to define and
study problems of their own chooting. If we look carefully
at our own experience, it is easy to see that we learn most
readily things that we need to know, Students choose prob-
lems about which they want to know more. This is a strong
motivating factor so that students enthusiastically engage in
researching problems and proposing possible solutions. In
this course, students learn how 1o tackle a problem. They
can use the skills developed to solve preblems they encounter
in the future. And, third, each student should have maximum
opportunity to engage in independent study at his own rate
and according to his own inferests, In a student-directed
course, any individual can enjoy this opportunity. Often,
students infect each other with interest and enthusiasm for
particular topics. Peer interactions cause students to broaden
their view of what is relevant.

The four basic objectives of the course are defined by the
instructor at the beginning of the course as follows: (1)
recognition of problems in modern society which are re-
lated to biology; (2} investigation of selected problems; (3)
introduction of possible solutions; and (4) development of
ways to implement possible solutions.

To help students accomplish these objactives and to en-
courage student interactions, discussion exercises and simu-
lated situations are used. One discussion exercise is called
"The Goldfish Bowl” which was prepared by the National
Training Laboratories. An inner circle of four to six students
discuss a designated topic, while an outer circle of four to
six students act as observers. The observers note which sty-
dents parficipate most, which least, who talks to whom, and,
if one member shuts out or encourages another member to
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express an copinion. In discussing the observations made by
those in the outer circle, students recognize which types of
behavier facilitate productive discussions and which hinder
them. 1deally, participants in the inner and outer circles
exchange positions and the exercise is repeated to allow
each student to be involved in both discussion and observa-
tion.

In a simulated situation, one might have the students
pretend that they are o committee of citizens concemed
aboui their zommunity who oppose the construction of a
new sewage disposal plant. Or perhops these concemed
citizens oppose a bill to abolish ta: deductions for more
than two dependents under 18 years of age. The situation
might be a Congressional Committee studying a proposed
bill. Students are assigned roles to be played in the simu-
lated situation. One student might be the president of the
citizens' associotion while other students might play the
manager of the present sewage disposal plant, the parent
who is concerned with the health of children who might play
in the polluted creek, or the overburdened taxpayer who
says, "Keep your kids out of the creek and don't raise my
taxes.” The purposes of such simulated situations are 10 help
students envision their future roles in society, to develop
leadership potential, and to encourage them to become well
informed about contemporary problems.

Beyond these activities, my role has been to serve as re-
source director: to suggest information sources, to arronge
for equipment and facilities, and to generally encourage
students in their chosen activities.

What have the students actually done when given the
opportunity 1o decide what they wauld like to do? There are
a few, of course, who do very little. But then it is quite
possible for students in more traditional courses to do very
little. There are also a few students who will do whatever
they are told and do if very well. Some of these students
are ili-at-ease in an unstructured, student-directed course,
possibly because they are not being crammed with pre-
digested information and feel that they are not leaming
anything.

The course was offered for the first time in the fall quarter
of 1970. The class of about ten students met for 3 hours
one evening per week. This group turned out to be a con-
scientious student activist group. | had them do the “Gold-
fish” exercise and assigned the topic, “What do you expect
to get out of this course.” The main conclusion of the dis-
cussion was that they did not want to talk about problems,
they wanted to do something about them. Problems that
emerged from future clas: sessions were: (1) the lack of
public awareness about enviranmental issues; (2) the need
to encaurage consumers to use their buying power to minimize
pollution; and (3) the need to draw the attention of elected
officiols to current problems.

To increase public awareness about environmental issves,
the students designed o bumper sticker which said, “Pollution
grows, nature dies.” They prepared a series of color slides
depicting various aspects of pallution. This presentation was
accomponied by music and narratian. While the actual
=5~-~ntation lacked something in public relations and logis-
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tics, the students became aware of some of the problems of
creating concern within an apathetic student body.

To encourage consumers to use their buying power to
minimize pollution, the students prepared a one-page shop-
pers’ guide which gave pointers to shoppers about the types
of containers most easily recycled into the economy. These
were distributed with the bumper stickers at a shopping
center one Saturday.

Since the course wns offered during the heat of the con-
gressional campaign, the students invited the incumbent
congressman and his challenger to speak to the student body
on environmental issues. The incumbent declined the in-
vitation. The challenger came and spoke to a disappoint-
ingly small group. Obviously, this activity was less than
successful in terms of participation by students and candi-
dates; still it did demonstrate that students can gain the
attention of political candidates. Since the election, several
students have written letters to various elected officials about
environmental issves.

The second class was small and was handled on a seminar-
independent study basis. Each student selected two topics
to research on his own and reported his findings to the class.
One student arranged for a speaker to come to the compus
to discuss the SST. Another is continuing his interest in
environmental issues by working with the community groups.
Perhaps the most ambitious siudent of any in the course is
a lady wha discovered so many topics she wanted to re-
search that she has registered for an independent study
course fo continue her work.

A class of 25 high school students have just completed this
course. They had the option of taking the course for high
school or college credit. Over half wanted college credit.
Three reports were required of those desiring college credit;
two were required for high school credit. The breadth of
topics selected and the depth of study made by many of
these students was quite amazing to me. Examples of topics
chosen are: aliernatives to electric power, pleaned cities,
sewage and solid waste disposal, the SST, organic gardening,
lund usage, health care, population control, conservation of
lacal parklands, preservation of wilderness areas, and en-
dangered species. The students were asked to propose solu-
tions to the problems they investigated. Almost invariably
and regardless of the problem, population control was men-
tioned among the possible solutions.

Every student was asked to do a self-evaluation as one
of the requirements for the course. On the first part of the
evaluation each student was to describe what he expected
to accomplish in the course and what he had done or planned
to do to accomplish his goals. Most of the students mentioned
becoming better informed about contemporary prablems in
biology and learning to investigate a problem independently.

Students were also asked ta estimate how much time they
spent each week reading, interviewing people ta gather
information, and explaining to people the problems of the
environment. The amount of reading varied from 2-12 hours.
The time spent interviewing varied from none to 3 ar
4 hours, depending on the nature of the topic being in-
vestigated. Some students who selected local problems were
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able to contact individuals wha were quite willing to talk
to them. A few mode numerous phone calls without ever
locating a source of information—only another number to
call. About half the students spent time each week attempt-
ing to change people’s attitudes about the environment.
Students discussed these problems with classmates not en-
rolled in the course, neighbors, and parents. Many were
appalled that their peers intend to have as many children as
they desire despite the possible consequences. Several students
felt that no matter how hard they tried they could not convince
their parents that there is need to be concerned about en-
vironmental problems. Perhaps the relatively affluent sub-
urban setting places greater value on convenience than on
ecologically responsible behavior.

In responding to an item about the student’s own aftitude
changes, most students indicoted that they came into the
course because they were concerned about such problems.
After reading and studying the problems, many found their
attitude shifting from “concerned” to “desperately con-
cerned.”

Students were asked 1o indicate what grade they thought
they deserved and why. Responses ranged from “A” (be-
cause | have accomplished the goals | set for myself or
because | have completed all the requirements) to “B” or
"C" (because |1 have accomplished some of the goals 1 set
but have not worked as hard as | should have or I've gotten
out of the course what | wanted). Several commented that
when dealing with the serious problems considered in this
course, grades are relatively unimportant.

Several students suggested that in the future the class have
the opportunity to hear guest speakers. More time for class
discussion was also suggested by some students. 1 find my-
self in wholehearted agreement with the students. The
courses could have been improved by having more speakers,
and in the Washington area, if arrangements are made far
enough in advance, a variety of speakers are available. To
provide more iime for class discussion, classes could be
scheduled to meet for more than one discussion hour per
week, as was the schedule for most of the classes. The thought

was that if we had small groups of six to eight students who
spent most of their time in independent study, one hour per
week of discussion of their activities would be sufficient. As
experience shows most of the students can easily prepare
in a 2-week period a report with enough information to
provide a basis for a 30-minute discussion.

This course has now been offered under a variety of cir-
cumstances—night school, day seminar aot the college, and
at a nearby high school. With this limited experience, there
are several things | would like to try in future courses.
First, some modularized, self-instructional materiais on vari-
ous aspects of contemporary problems in biology would be
useful to provide students with easy access to basic in-
formation in their areas of interest. The reports of students
in past courses would be helpful in preparing these modules.
Second, a greater variety of simulated situations could be
used to help students get o fairly realistic view of the com-
plexity of biological problems in society today. And finally,
it would be desirable to hove several months to arrange for
speakers, films, and other special events.

While these modifications would be likely to better serve
the students who are challenged by student-directed courses,
they may not be helpful to other students. Many students
have difficulty operating in an atmosphere where one must
decide what one wants to do and take the responsibility for
doing it. The “do nothings” seem to lack motivation in a
student-directed course; | suspect they may also lack it in
a more traditional course. The “course conquerors,” on the
other hand, are highly motivated. Provided somebody tells
them exaclly what to do, they will do it and do it well. In
short, the “do nothings” seem unable to take responsibility
for their own learning and the “course conquerors” seem
unable to decide what they, themselves, wani to do.

To close on a more positive note, nine out of ten of the
students in these classes were able to adjust to and thrive
on the unstructured si’'uation. They were enthusiastic about
the opportunity tc cefine their own goals and quite suc-
cessful in disciplining themselves to compleie the tasks they
set for themselves.

innovation is really encouraged by the administration.

FOSTERING INNOVATIONS

The dean of instruction at El Centro College {Daflas, Texas), C. H. Palmer, has instituted a mechanism by which

El Centro offers what is called “Special Studies” in each academic division. These represent an academic wild

card for which prerequisites, content, and credit are determined by the instructor, the division chairman, and the
dean. If o professor develops the idea for o new opproach, he can teach it on a trial basis without having to go
through the formal curriculum committee routine and without incorporating the course into the catalogue. Each
course may be offered a maximum of twice under this system. If it proves to be viable, it can then be formalized;
otherwise, the experiment is dropped.

The division chairman and dean act as o brake on senseless proposals, but they can encourags the kind of
innovation which frequently is completely prevented by the usual review of prospective new courses. The instructors
are also stimulated by this system to engage in more free-wheeling thinking.

Dean Palmer's image is further enhanced by his practice of keeping a budget item, $10,000 for this year,
allocated to developing new courses and improving existing ones. This is used to bring in consultants, to send El
Centro faculty to other campuses, and so on.

Howard J. Stein
Staff Biclogist
AIBS Office of Biological Education
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THE ROLE OF THE LIBRARY IN AN
INVESTIGATIVE LABORATORY

Thomas G. Kirk
Librarian

Earlham College
Richmond, Indiana

Two main objectives for the investigative laboratory have
been suggested (Holt, 1969). First, the investigative labo-
ratory should provide an opportunity for the student ‘o de-
velop attitudes toward the utility, strengths, and limitations
of the scientific approach, The second objective is to provide
students with an oppartunity to see the nature of scientific
activities. Implicit in these objectives is the idea that the
investigative laboratory will allow the student to develop his
own ideas through a student-directed investigative project.

i the overall objectives of the investigative laboratory are
to be achieved, the student's experiments in an investigative
laboratory should not be isolated from the use of the library.
There are three basic functions which the library can per-
form in supporting these objectives.

First, an exploration of scientific literature will reveal cer-
tain aspects of the nature of science. By using the literature
in relation to a problem-soiving operation, the student is
required to do library research and, more important, to
evaluate the literature in order to develop his experimental
program. This activity will show him both the cureless, con-
fused experiment and the tenuous results it produces, as
well as the simple experiment and the reliable results it
produces.

If th: student does a significant amount of literature re-
view, he will have an opportunity to see how a specific topic
has developed. For example, in plant physiology a student
working on environmental factors affecting growth would
find through his search that early plant physiology consisted
mainly of observations on the gross morphological differ-
ences that could be demonstrated through changing the
intensity or amount of the factor being studied. The further
development of this field, as revealed to the student through
the literature, includes more precise measurements of the
factors involved, and more recently, the investigations of the
biochemical mechanisms of the mode of effect of the en-
vironmental factor. However, this point should not be over-
emphasized. The student is not likely to come to any sig-
nificant understanding of the overall history of a field,
although over the shorter period of the recent past he can
see the development of his topic. Therefore he can appreciate
the idea that science is not static.

The second and most practical reason for the students’
use of the library in an investigative iaboratory is the stu-
dents’ need to be informed. The beginning student obviously
does not have the background that the experienced student
has. This inexperlence must be compensated for if the stu-
dent is to have an adequate understanding of the field in

lwhich he is working and is able to ask the right gues-
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tions in formulating his investigation. This does not mean
that the library is o substitution for advanced training.
instead, it should serve as a reservoir of information which
can be tapped whenever a student’s subject background is
not satisfactory for the problem he is trying to solve.

Third, and most important, through the use of the library
the student learns the relationship between the prior art and
an investigation. By reading current information, the student
can choose for his topic the appropriate methods and tech-
niques, which the instructor has already shown him, what ex-
perimental data is now accepted in the field, and what work
needs further experimentation. The literature will also reveal
the current conceptual framework with which the Jaboratory
data either agree or disagree.

The rale of the library and literature in the development
of science can be demonstrated by having the student ac-
tually experience it during an investigation. He is to learn
by doing—not by reading or talking about it.

The importance that library usage plays in reaching the
objectives of the investigative laboratory means that effective
use of the library is crucial. it is therefore essential that
whenever an investigative laboratory is used a substantial
component of library instruction be included. For this in-
struction to result in an effective program, it should have the
following characteristics:

1. The faculty must be committed to having students learn
the skills required to make effective use of the library. Snyder
(1965) puts it properly when she writes:

If he [the student] can fully complete the d program

by reading the text, attending lectures, and passing an examinatian

based on text and fectures, there will be little stimulus far him to build
a competence in research or using research 1cols.

Here the responsibility rests with the faculty members.

Clearly the investigative laboratory idea would not permit
a student to “complete the academic program by reading
the text, attending lectures, and passing an examination. . . .”
However, the crucial question is whether the faculty really
expects serious library searzh before a laboratory investiga-
tion is formulated.

2. library instruction should be an integral part of the
students’ class work. Therefore course work should be de-
veloped with the idea that it will provide opportunities to
practice using the library (Snyder, 1965 and Kncpp, 1966).
This may seem like an obvious point. Yet the normal situation
is the inclusion of library instruction as an afterthought.
Instead, faculty members and librarians must work to de-
velop meaningful assignments that include instruction and
practice in the use of the library.

3. Library instruction should provide an opportunity for
the student to carry out the actual steps of a library search.
Pliony exercises which ask students obscure questiuns about
where to find a variety of facts are inappropriate busy work
and should be avoided.
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The general biology course at Eartham College, while not
containing an investigative labaratory per se, does suggest a
model for the library’s role in an investigative laboratory.
The Earlham course consists of two 10-week terms dedling
with six general areas: (1) populations and ecology; (2)
organisms; (3) behavior; (4) cells, genes and energy; (5)
development-growth, differentiation and regulation; and (6)
biology and society. Beyond the objectives of the course,
there are a number of collateral or behavioral objectives
which are considered oy the staff to be important. These
objectives can be broadly summarized as communication and
information processing. Improvement in communication is
accomplished through the development and practice of oral
skills and writing skills. Information processing involves the
ability to gather, analyze and synthesize biological informa-
tion fram various sources (e.g., field, laboratory, library,
other students, faculty) in order to solve problems.

Each portion of the genera! biology course is designed
specifically as o modus operandi for achieving these goals.
A sequence of two lectures per week provides subject
matter coverage as do the reading assignments. Quizzes,
given weekly, provide a check for the faculty and the
student of his progress in grasping subject matter. A brief
set of readings is used in the weekly discussion groups to
provide a focus for practicing the skills of communication
and information processing in small group situations. The
library component, about which more will be said later,
and the laboratory work provide opportunities for attempt-
ing the laboratory aspects of infarmation processing and
the skills needed for effective written communication.

The library instruction program used in the general biology
class is a program that meets the three criteria enumerated
above. The faculty impressed upen the students the im-
portance of the ability to use the library. They have done this
by stating it in their objectives for the course, by allowing
time for library instruction in the course schedule, and by
evaluating students’ written work (partially on the basis of
their information sources). In the final analysis, the staff
made it virtually impossible to successfully complete the
course without using the library effectively.

The structure of the library instruction program will best
show how the student is given an opportunity to practice
the actual steps of a library search. The instruction was
provided in three stages. The first two occurred as part of a
laboratory period early in the term. During the laboratory
period, the science librarian talked to the class abaut cer-
tain routine matters (e.g., how to use microfilm readers)
and then students were introduced to the “guided exercise,”
which was the second stage. Briefly, this exercise consisted of
a simulated library search in one of three subject areas:
ecology, genetics, or animal behavior. The simulation cov-
ered not only the search strategy (e.g., when to use a
particular reference book), but also showed how to use the
various tools. The simulation of search strategy covered such
areas as: (1) the use of secondary and tertiary reference
sources; (2) the author approach to the card catalog; (3) the
subject approach to the card catalog; (4) the use and
importance of annudl-review-type literature; and (5) the use

ERIC

IToxt Provided by ERI

of serial indexes. The major reference tacls explained include
the McGraw-Hil{ Encyclopedia of Science and Technalogy,
the card catalog including the serials file, Science Citation
index, and Biological Abstracts.

The exercise was writen in the form of programmed
instruction. However, it depended on more than just going
through printed frames at one’s place of study. It required
the student to go to the library and actually carry out a
series of steps which encompass an appropriate search
strategy. For a more complete description and an evaluation
of the guided exercise, see Kirk {in press).

The exercise was exclusively a library assignment and was
not related to other activities in the course at that time.
However, because it paralieled later work in the course and
was designed to meet the needs they would have then, the
overall effect was as a series of assignments which gave the
student increasing independence to investigate his own
problems. At about the time the students were doing the
library guided exercise, they were finishing vp an ecology
iaboratory in which the central question was to describe and
compare “species camposition, diversity, and productivity of
trees on two slopes in Sedgwick’s Rock Preserve” (a coliege-
owned woodland plot). While students were not expected to
use the library to complete the laboratory, many made a
somewhai confused attempt to do so. This and several other
assignments thot might have invoived the use of the library,
but did not require it, created some motivation to use the
library.

The first library exam was the third stage of the library
instruction. The students were to answer a question through
the use of information found in the library. The faculty’s
objective was to give a question which required evaluation
and synthesis of information rather than a cut-and-paste job.
In appended block are the instructions for the exam question
along with five sample questions. The faculty evaluated the
answers to these guestions on the basis of: (1) coherence and
logical presentation; (2) writing skills; and (3) literature
sources and their evalvation. This does not mean that the
stoff hoed developed a precise list of “must” references.
Instead, a more general evaluation was undertaken, where
we asked such questions as: Were appropriate sources for
o paper in biclogy used? Were primary sources used? Were
an adequate number of sources used?

Two weeks after these exams the first experimental labora-
tory was ccmpleted. For the last several years this lab has
dealt with bean root grawth and the factors which affect it.
Students were free to choose their specific areas of study
within the limits of available equipment and the techniques
required. The students were expected to do their library
research, then present to the faculty members of their respec-
tive lab sections experimental designs based on their library
work. The students had 2 weeks to develop their methods
and about 4 weeks to complete the experiments and write-
ups. Unlike students in an investigative laboratory, these
students were dividing their attentian between their bean
experiment and other course activities. From that point on,
and throughout the second term of the course sequence, it
was expected that the library would serve as an important



source of the informafion whenever students had need for
information for an assignment. In fact, what was being
emphasized was a pottern of self-education which was the
overriding goal of Earlham’s general biology course.

In all upperclass biology courses it is assumed that students
have had this pregram of library instruction in general
biology. Therefore, investigative-type assignments can be
made without taking time to make sure students know how
to use the library. Some time is provided to deal with spe-
cific new reference sources (e.g., Chemical Absiracts} but the
general skills required for effective library usage are assumed
to be part of a student’s repertoire of skills. (See following
article by Daniel May.)

The role of the library in the general binlogy course, as
well as the success of the specific program of library instruc-
tion, has been evaluated and reported elsewhere (Kirk, in
press). Here these results can only be summarized. (1} The
guided exercise taught the use of the library as well as a
conventional lecture-demonstration. (2) Students’ opinion of
their library instruction was positive. (3} According to the
students, the library was appropriately emphasized in the
general biology course. (4) There was a strong feeling (92%)
among students tha! the library exams were a valuable
educational device. (5) Students felt they learned more
through the library exams than through regular objective-
type examinations.

TABLE 1. RESULTS OF STUDENT QUESTIONNAIRE ON ATTITUDES

TOWARDS THE LIBRARY AND ITS ROLE IN GENERAL BIOLOGY.

1969-70 197071
What type of examinations do you prefer?
objective hour exams 6% not used in
short essay hour exams 27% 707N
long open-book essay exams 10% questionnaire
library exams 46%

other 1%

Were library exams

overemphasized? 30% 32%
appropriately emphasized? 67% 54%
not emphasized enough? 2% 4%
no response 2% -
Students rated their competence in using
the library to obtain infoimation in biology.
Excellent 3% 21%
Good 47% 54%
Average 17% 25%
Fair 3% 0%
Poor 1% 0%
No response 1% 1%

These evaluations are based on the students who took the
general biology course in 1968-69. Sirce then, additional
evaluations have been made. The results of these evaluations
are reported below. The items on the questionnaires have
been very similar from year to year so it has been possible
to compare responses and look for any significant trends.
The pertinent sections of the questionnaire for 1969-70 and
1970-71 are included in Table 1. The results are in agreement
with the conclusions outlined above.

To convey more clearly the exact way in which the library
could ideally relate to the investigative laboratory, the
ren'lainder of this paper will be devoted to a detailed look at
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a student's use of the library in relation to a bean growth
laboratory in Earlham’s general biology course.

Certainly this program is not an invesligative laboratory.
However, the type of library use in the Earlham program
can and should be adopted as part of the investigative
laboratory. It is hoped that this presentation will provide a
picture of the nature of the involvement. The search de-
scribed is that of an actual student. She was a junior, not
majoring in any of the sciences, and was taking general
biology as part of her science distribution requirement.

She was given seven pages of backgrounu and supporting
information on ‘Factors influencing root development in
Phaseolus vulgaris var. red kidney.” This mimeographed
handout provided directions on how to become familiar with
basic plant structure ond function through readings and
observationa! laboratory work. Also included were general
comments on types of culturing techniques and other tech-
niques and experimental design problems. The handout con-
cluded with two sample articles on plant growth which were
intended to provide samples of how to write up an experi-
ment (Israelstam, 1968 and Pimentel, 1962). She was to read
the handout before coming to her loboratory session the
following week. At this point in the term she had completed
the library guided exercise and had taken one exam on
“The Cause of Leaf Coloration in the Fall.”

Sometime during the 3-hour laboratory period her instruc-
tor expected a generalized experimental design and a list
of materials needed. She decided to work on the effect of
radiation on bean root growth. During her conversation with
the professor, she developed a very general hypothesis that
"radiation wili have damaging effects on root growth.” She
decided the dependent variables would be the viability of
the seed, age of the seeds, and the effect of radiation on
the seeds. The experiment’s independent variable would be
radiation levels.

The discussion with the professor also raised many ques-
tions of which only a few are listed here: Are there other
dependent variables? How do you calculate radiation levels?
What dosage should be used? How should the experiment
be set up? What are the “effects” likely to be? How are the
“effects” to be measured? During this conversation she was
also told that her radiation would consist of gammu rays
from a Cobalt 60 source with a strength of 3 millicurie.

She came to the library ofter the laboratory period to
begin her search in an attempt to answer the questions that
had been raised. By using the library skills she had learned
in conjunction with other work in the course, she was able
to make intelligent use of the literature. She began her search
with a basic encyclopedic source (in this case, the McGraw-
Hill Encydlopedia of Science and Technology, 1966). The
index entry "radiation injury” directed her to two sections of
the encyclopedia, volume 3:667-668 and 11:241-250. These
two articles provided basic hackground materials (e.g., con-
ceptual framework for the subject, definition of terms, and
range of dosages). The bibliography on page 252 of volume
11 was useful in leading her to more detailed sources.

Afier exhausting this line of attack, she turned io the card
catalog. First, however, she checked the subject heading list
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which is the basis for the subject entries in the card catalog
(U. S. Library af Congress, 1966). She checked the term that
was most obvious: Radiatian. In the subject heading list she
was able to establish the several headings that appeared
useful: Radiation—Physiological effects, Radiobiology, and
Gamma rays. Her check of the card catalog revealed sever